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Background
Lenalidomide is a structural analogue of thalidomide with similar but more potent biologic activity. This phase 3, placebo-controlled trial investigated the efficacy of lenalidomide plus dexamethasone in the treatment of relapsed or refractory multiple myeloma.
Methods
Of 351 patients who had received at least one previous antimyeloma therapy, 176 were randomly assigned to receive 25 mg of oral lenalidomide and 175 to receive placebo on days 1 to 21 of a 28-day cycle. In addition, all patients received 40 mg of oral dexamethasone on days 1 to 4, 9 to 12, and 17 to 20 for the first four cycles and subsequently, after the fourth cycle, only on days 1 to 4. Patients continued in the study until the occurrence of disease progression or unacceptable toxic effects. The primary end point was time to progression.
Results
The time to progression was significantly longer in the patients who received lenalidomide plus dexamethasone (lenalidomide group) than in those who received placebo plus dexamethasone (placebo group) (median, 11.3 months vs. 4.7 months; P<0.001). A complete or partial response occurred in 106 patients in the lenalidomide group (60.2%) and in 42 patients in the placebo group (24.0%, P<0.001), with a complete response in 15.9% and 3.4% of patients, respectively (P<0.001). Overall survival was significantly improved in the lenalidomide group (hazard ratio for death, 0.66; P = 0.03). Grade 3 or 4 adverse events that occurred in more than 10% of patients in the lenalidomide group were neutropenia (29.5%, vs. 2.3% in the placebo group), thrombocytopenia (11.4% vs. 5.7%) , and venous thromboembolism (11.4% vs. 4.6%) . M ultiple myeloma, the second most common hematologic cancer, caused more than 19,000 deaths in Europe in 2004. 1 To improve the outcome of treatment, new agents are needed. 2 The immunomodulatory drug thalidomide has activity in about one third of patients with relapsed or refractory multiple myeloma; response rates are increased when thalidomide is combined with dexamethasone or chemotherapy. [3] [4] [5] [6] [7] Treatment with thalidomide is associated with sedation, fatigue, constipation, rash, deep-vein thrombosis, and peripheral neuropathy. These toxic effects often require dose reduction and, in some instances, discontinuation of the drug. 8 Lenalidomide, a derivative of thalidomide, is less toxic and more potent than the parent drug. 9 In patients with relapsed or refractory multiple myeloma, lenalidomide can overcome resistance not only to conventional chemotherapy but also to thalidomide, 10, 11 and dexamethasone plus lenalidomide is more effective than either agent alone in refractory multiple myeloma. 11 We report on a randomized, phase 3 trial in which lenalidomide plus dexamethasone was compared with placebo plus dexamethasone in patients with relapsed or refractory multiple myeloma.
Me thods
Patients
Patients with multiple myeloma in Europe, Israel, and Australia were eligible to participate in the study if they were at least 18 years of age and had been treated with at least one previous antimye loma regimen. Patients were excluded if they had had disease progression during previous therapy containing high-dose dexamethasone (total month ly dose, >200 mg). Measurable disease was defined as a level of serum monoclonal protein (M protein) of at least 0.5 g per deciliter or a level of urinary Bence Jones protein of at least 0.2 g per day. Additional eligibility criteria included an Eastern Cooperative Oncology Group performance status of 2 or less, a serum aspartate aminotransferase or alanine aminotransferase level that was no more than three times the upper limit of the normal range, a serum bilirubin level that was no more than two times the upper limit of the normal range, a serum creatinine level of less than 2.5 mg per deciliter (221 μmol per liter), and an absolute neutrophil count of at least 1000 per cubic millimeter. The platelet count needed to be more than 75,000 per cubic millimeter for patients with less than 50% bone marrow plasma cells and more than 30,000 per cubic millimeter for patients with 50% or more bone marrow plasma cells.
Women of childbearing potential were eligible if they agreed to use contraception during the study, had a negative pregnancy test before enrollment, and agreed to undergo pregnancy testing every 4 weeks from enrollment until 4 weeks after discontinuation of the assigned study drug. Patients were excluded if they had previously had hypersensitivity to or uncontrollable side effects associated with previous use of thalidomide or dexamethasone. All patients gave written informed consent, and an ethics committee at each study site approved the protocol.
Study Design
The primary end point of this multicenter, randomized, placebo-controlled, phase 3 trial was the time to disease progression. Secondary end points included overall survival, the rate of response, and safety.
Patients received either 25 mg of oral lenalidomide or placebo on days 1 to 21 of a 28-day cycle; all patients received 40 mg of oral dexamethasone on days 1 to 4, 9 to 12, and 17 to 20 for the first four cycles. After the fourth cycle, 40 mg of dexamethasone was administered only on days 1 to 4. Patients continued to receive the assigned drug regimen until the occurrence of disease progression or unacceptable toxic effects. Patients were stratified according to the baseline serum β 2 -microglobulin level (<2.5 mg per liter or ≥2.5 mg per liter), previous stem-cell transplantation (none or ≥1), and the number of previous antimyeloma regimens (1 or ≥2).
Toxic effects were graded according to the National Cancer Institute's Common Toxicity Criteria, version 2. For grade 4 adverse events, treatment was withheld and restarted at the next lower dose after resolution of the toxic effects. The dexamethasone dose was modified because of toxic effects at the investigator's discretion as follows: 40 mg daily for 4 days every 2 weeks (dose level, −1) or every 4 weeks (dose level, −2) or 20 mg daily for 4 days every 4 weeks (dose level, −3). For grade 3 or 4 neutropenia without other toxic effects, the first dose-modification step was dose level −1 (daily subcutaneous injection of 5 μg of granulocyte colony-stimulating factor per kilogram of body weight and 25 mg of lenalidomide); sequential reductions of the lenalidomide dose were 15 mg (dose level, −2), 10 mg (dose level, −3), and 5 mg (dose level, −4), with 5 μg of granulocyte colony-stimulating factor per kilogram daily at the investigator's discretion.
Patients underwent a blood count and physical examination on days 1 and 15 (and day 8 of cycle 1) during cycles 1 to 3 and on day 1 of each cycle thereafter. Serum and urinary levels of M protein were assessed on day 1 of each cycle and at the end of treatment. Transfusion of platelets and red cells and the administration of neutrophil growth factors and epoetin alfa were allowed as needed. All patients were allowed to receive bisphosphonates. Prophylactic anticoagulation was not recommended.
The study was designed as a collaborative effort by Dr. Dimopoulos, the coinvestigators, and the sponsor, Celgene. The sponsor collected the data and performed the final analysis, in collaboration with an independent data monitoring committee and Dr. Dimopoulos. All authors had full access to the primary data and the final analysis. Dr. Dimopoulos vouches for the accuracy and completeness of the published results. The first draft was written by Dr. Dimopoulos; subsequent drafts were written by Dr. Dimopoulos with editorial assistance from an employee of the sponsor. All authors had input before submission of both the original and revised manuscripts. An independent data monitoring committee reviewed safety and efficacy data throughout the study.
Assessments
The response of patients to treatment was assessed according to the criteria of the European Group for Blood and Marrow Transplantation. 12 The time to progression was measured from randomization to the date of the first assessment showing progression. Progressive disease was defined as any of the following: an absolute increase of more than 500 mg of serum M protein per deciliter, as compared with the nadir value, or an absolute increase of more than 200 mg of urinary M protein in 24 hours; a new bone lesion or plasmacytoma or an increase in the size of such lesions; or the development of hypercalcemia (serum calcium level, >11.5 mg per deciliter [2.9 mmol per liter]). Responses were designated as complete (defined as the absence of M protein in serum and urine, as confirmed by immunofixation in two samples, and <5% marrow plasma cells) or partial (defined as a reduction in the level of M protein in serum of at least 50% and a reduction in urine of at least 90%). Complete and partial responses were confirmed by repeated measurements of M protein in serum and urine after 6 weeks, and progressive disease was confirmed by repeated measurements of M protein in serum and urine after 1 to 3 weeks. Near-complete response, a subcategory of partial response, was defined as a complete response without confirmation of a decrease in marrow plasma cells to less than 5% by bone marrow biopsy, confirmation of the disappearance of M protein in serum or urine by repeat immunofixation, or both.
Statistical Analysis
The accrual goal was the enrollment of 302 patients (151 in each group), which would provide a statistical power of 85% to detect a hazard ratio of 1.5 for the time to progression with the use of a two-sided log-rank test with an overall significance level of 0.05, adjusted for one interim analysis. Full information that was necessary for a logrank test to have a power of 85% would be achieved when approximately 222 patients had disease progression in the two study groups. For overall survival, the trial had a power of approximately 80% to detect a difference of 50% in median overall survival for an analysis performed when at least 194 patients had died.
An interim analysis of safety and efficacy was planned when disease had progressed in 111 patients. If the predetermined O'Brien-Fleming boundary for the superiority of lenalidomide over placebo was crossed, the study would be unblinded, and patients would be allowed to receive lenalidomide at the time of disease progression or at the investigator's discretion. All primary analyses were based on the intention-to-treat population, and subgroup analyses were planned on the basis of stratification variables. An unstratified log-rank test was used to compare time-to-event variables between groups. Both the time to progression and overall survival were estimated with the use of Kaplan-Meier methods. Continuity-corrected Pearson chi-square tests were used to compare the proportions of patients in the two groups who had a response to treatment. 
Efficacy
The median time to progression was 11.3 months in the lenalidomide group and 4.7 months in the placebo group (P<0.001) (Fig. 1A) . The hazard ratio for time to progression was 2.85 (95% confidence interval [CI], 2.16 to 3.76; P<0.001) in favor of the lenalidomide group. Patients in the lenalidomide group had a significantly longer time to progression than patients in the placebo group in all stratified subgroups. The median time to progression for patients who had undergone one previous therapy was not reached in the lenalidomide group and was 4.7 months in the placebo group. Among patients who had undergone at least two previous therapies, the median time to progression was 11.1 months in the lenalidomide group and 4.7 months in the placebo group (P<0.001).
The median time to progression for patients who had previously undergone treatment with thalidomide (30.1% of the patients in the lenalidomide group and 38.3% of those in the placebo group) was 8.4 months in the lenalidomide group and 4.6 months in the placebo group (P<0.001). Among patients with no previous exposure to thalidomide, the median time to progression was 13.5 months in the lenalidomide group and 4.7 months in the placebo group (P<0.001) (Fig. 1B) . In the lenalidomide group, the median time to progression was not significantly related to previous exposure to thalidomide (hazard ratio, 0.65; 95% CI, 0.42 to 1.02; P = 0.06). Among patients in whom the disease had progressed during previous thalidomide treatment, the median time to progression was 9.5 months in the lenalidomide group and 3.7 months in the placebo group (P<0.001). The median time to progression was 11.3 months among patients who had undergone stem-cell transplantation and 11.4 months among patients who had not undergone stem-cell transplantation. A total of 106 patients (60.2%) in the lenalidomide group and 42 patients (24.0%) in the placebo group had at least a partial response (P<0.001); 28 patients (15.9%) in the lenalidomide group and 6 patients (3.4%) in the placebo group had a complete response (P<0.001) ( Table 2 ). The median time to the first response was 2.1 months in the lenalidomide group and 1.6 months in the placebo group. The median time to a complete or near-complete response was 5.1 months in the lenalidomide group and 6.9 months in the placebo group. The median duration of the response was longer in the lenalidomide group (16.5 months) than in the placebo group (7.9 months, P = 0.02).
The analysis of overall response rates (complete, near-complete, and partial responses) for each stratification group and for patients with and those without previous thalidomide treatment showed a higher response rate among patients receiving lenalidomide in all the subgroups (Table 2 ). In the lenalidomide group, the overall response rate was higher in patients who had not received thalidomide than in those who had received thalidomide (65.0% vs. 49.1%, P = 0.07).
Survival
As of May 2006, 47 patients (26.7%) in the lenalidomide group had died (30 from progressive disease), as had 60 patients (34.3%) in the placebo group (49 from progressive disease). At the time of the last analysis, median overall survival had Panel A shows estimates of the median time to disease progression for the intention-to-treat population (11.3 months in the lenalidomide group and 4.7 months in the placebo group) (P<0.001 by the log-rank test). Panel B shows the median time to disease progression among patients in the two study groups who received thalidomide before study entry and those who did not receive thalidomide (in the lenalidomide group, 13.5 months among patients who did not receive thalidomide and 8.4 months among those who did receive thalidomide; in the placebo group, 4.7 months and 4.6 months, respectively; P<0.001 by the log-rank test for both between-group comparisons of patients who did and those who did not receive thalidomide).
The New England Journal of Medicine not been reached in the lenalidomide group and was 20.6 months in the placebo group (hazard ratio for death in the lenalidomide group, 0.66; 95% CI, 0.45 to 0.96; P = 0.03) ( Fig. 2A) . Overall survival was also significantly improved in the lenalidomide group among patients who had previously received thalidomide (hazard ratio, 2.07; 95% CI, 1.02 to 4.21; P = 0.04) (Fig. 2B ).
Adverse Events
The most frequently reported adverse events were neutropenia, muscle cramps, constipation, nausea, tremor, and dizziness. Table 3 lists all grade 3 or 4 adverse events. Patients in the lenalidomide group had a higher incidence of grade 3 neutropenia (25.0%) than did those in the placebo group (2.3%). However, grade 3 or 4 febrile neutropenia was rare (occurring in 3.4% of the patients in the lenalidomide group and in none of those in the placebo group). Grade 3 or 4 thrombocytopenia was twice as frequent in the lenalidomide group as in the placebo group (11.4% vs. 5.7%). The incidence of grade 3 or 4 somnolence, constipation, or peripheral neuropathy (all toxic effects of thalidomide) was less than 10% in the two groups and rarely resulted in a dose reduction. Lenalidomide was associated with higher incidences of deep-vein thrombosis (4.0% vs. 3.5%) and pulmonary embolism (4.5% vs. 1.2%) than was placebo. The rate of grade 3 or 4 thromboembolic complications was unrelated to the concomitant administration of erythropoietin. Such events occurred in 3 of 38 patients (7.9%) who received erythropoietin and 17 of 138 patients (12.3%) who did not receive erythropoietin in the lenalidomide group (P = 0.57) and in 3 of 36 patients (8.3%) who received erythropoietin and 5 of 139 patients (3.6%) who did not receive erythropoietin in the placebo group (P = 0.36).
The proportion of patients who required more than one dose reduction or interruption of lenalidomide or dexamethasone was similar in the two groups. The mean time until the first dose reduction or interruption of a study drug was also similar in the two groups (125 days in the lenalidomide group and 128 days in the placebo group). Dose reduction or interruption because of adverse events was more common in the lenalidomide group (occurring in 76.1% of the patients) than in the placebo group (56.9%, P<0.001). There were 11 deaths that were possibly related to a study drug: 5 in the lenalidomide group (1 from cardiac arrest, 1 from pulmonary embolism, 1 from leukoencephalopathy, 1 from pneumonia bacteria, and 1 from sudden death) and 6 in the placebo group (3 from sepsis, 1 from hepatic failure, 1 from a cerebrovascular event, and 1 from gastrointestinal hemorrhage). The primary reason for the discontinuation of treatment in the two groups was disease progression; 31 patients in the two groups (8.8%) discontinued treatment early because of adverse events. Granulocyte colony-stimulating factor was administered if only grade 3 or 4 myelosuppression occurred; with other grade 3 or 4 adverse events, the lenalidomide dose was reduced. In the Panel A shows the estimates of median overall survival for the intention-to-treat population (not yet reached in the lenalidomide group and 20.6 months in the placebo group, P<0.001 by the log-rank test). Panel B shows the median overall survival among patients in the two study groups who received thalidomide before study entry and those who did not receive thalidomide (in the lenalidomide group, the median was not yet reached in either subgroup; in the placebo group, 23.5 months among those who did not receive thalidomide and 18.2 months among those who did receive thalidomide; P = 0.04 by the log-rank test for the between-group comparison of patients who received thalidomide and P = 0.21 for the between-group comparison of patients who did not receive thalidomide).
The lenalidomide group, 38 patients (21.6%) received granulocyte colony-stimulating factor during the study. Of these patients, 23 (60.5%) received granulocyte colony-stimulating factor as the first step after having grade 3 or 4 neutropenia to maintain the 25-mg dose level. Among these 23 patients, 12 (52.2%) were able to continue with the 25-mg dose level of lenalidomide from the time of the first episode of grade 3 or 4 neutropenia until the last follow-up visit, as long as that period of time was at least 3 months.
Discussion
We found that in patients with relapsed or refractory multiple myeloma, lenalidomide plus dexamethasone increased the time to progression, the rate of response (both overall and complete responses), and overall survival, as compared with placebo plus dexamethasone. The median time to progression of 11.3 months and the 60.2% response rate in the lenalidomide group are among the highest values that have been reported in the treatment of relapsed or refractory multiple myeloma. These findings support the early use of lenalidomide in patients with progressive multiple myeloma. In addition, nearly one third of patients in our trial had previously received thalidomide. Our data indicate that lenalidomide can be administered to patients who have received previous treatment with thalidomide without deterioration of preexisting thalidomide-related neuropathy; in our study, nearly 50% of such patients had a response to lenalidomide, with a median time to progression of 8.4 months. As compared with patients who had not been exposed to thalidomide, patients who had previously been treated with the drug had received an additional year of treatment and had also received one more previous therapy. Given that current therapy includes thalidomide and dexamethasone, this finding is encouraging for patients with disease that is resistant to thalidomide treatment.
The primary toxic effects of the lenalidomide regimen were hematologic, and we found them to be manageable with adjustment of the dose of lenalidomide. Neutropenia was managed with dose adjustments, the administration of granulocyte colony-stimulating factor, or both, whereas thromboembolic events were managed with anticoagulants. Lenalidomide was not associated with the peripheral neuropathy that is caused by long-term treatment with thalidomide. In summary, we found that therapy with lena lidomide plus dexamethasone was more effective in patients with relapsed or refractory multiple myeloma than was therapy with placebo plus dexamethasone.
